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Abstract 
Engineering students are often lectured and afterwards examined in a knowledge-oriented way. The question is if the students we identify with 
those methods as good students are also better problem solvers in practice. To review if there is any correlation between knowledge and the 
development of competencies, students need to a) perform a written examination and b) solve real industrial tasks at the Process Learning Factory 
CiP like rebalancing a production line. Regarding a), students gain the theoretical knowledge in a classroom lecture to the topic „Lean Production“ 
and write an exam. Regarding b), videos recorded showing the actions tasks are evaluated regarding the presence of problem solving 
competencies. A comparison of the test results and the action tasks evaluation clarifies whether the existence of knowledge leads to a similar 
strong development of competencies. The evaluation of the learning success shows that the student groups achieve a good and very good 
competency development in the lecture modules “line balancing”, “kanban” and “systematic problem solving”. The respective lecture module is 
confirmed by a high degree of students’ success. However, a correlation between the level of knowledge and competency cannot be clearly 
established because on the one hand students with good exam results achieve a good and very good degree of competency development. On the 
other hand students with a bad exam result achieve nevertheless a comparatively good competency development degree. Nevertheless, as a trend 
it can be confirmed that consolidated knowledge is one important prerequisite for the ability to act in practice. 
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1. Introduction 
After graduation engineering students are about to work in 
an environment where short innovation- and product life 
cycles, fluctuating markets and scarce resources, to name just 
a few examples, require a flexible, cost-effective and 
competitive business strategy [1]. The execution of such 
strategies requires a profound knowledge of modern lean 
production systems with their objectives to minimize waste and 
increase flexibility [2]. 
Prerequisite for a successful implementation of lean 
production systems is a well-founded knowledge of the 
employees, the ability to integrate new knowledge, to gain 
systematic problem solving skills and thereby actively 
accompany continuous improvement measures [3,4]. 
However, in education of engineers in general and of 
industrial engineers in specific, most times students are 
prepared for those industry requirements with traditional 
lectures in which they learn about continuous improvement, 
TPS, etc. from a theoretical and strongly knowledge-oriented 
point of view. Additionally, in exams rated “good” or 
“excellent” students are the ones that are able to answer solely 
knowledge-oriented exam questions. Even though there are 
teaching approaches which focus on both teaching of students 
and employees [5,6], when students go into industry it’s still 
not clear if those “good students” are prepared to solve 
problems in industrial environments. The question explored in 
this paper is: Are good students better problem solvers? 
This is done with the help of an evaluation concept for the 
course “Lean Production” at TU Darmstadt. The evaluation 
concept is based on a prototypical video analysis guideline [7] 
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and the use of action tasks for evaluation in learning factories 
[8]. The study examines a possible correlation between the 
level of knowledge, performance in real problem situation, and 
consequently the respective competencies of students. 
2. Theoretical principles 
2.1. Competency development 
Erpenbeck und Rosenstiel describe competencies as 
„dispositions of self-organized action“ [9]. According to 
Rosenstiel the concept of disposition reflects a basic talent and 
a potential, which will be developed by dealing with the 
problems arising from environmental requirements. 
Competencies are therefore resulting from decision-making 
self-organization dispositions. They enable the individual to 
solve complex and situational problems reflectively and 
creatively [9]. 
In order to systematize the competencies, Erpenbeck and 
Rosenstiel believe that the self-organized dispositions always 
move within a region of actions that reflect the relationship of 
a subject to another subject or object [9]. From the 
consideration of these relationships result the following four 
competency classes: Personal competencies, activity- and 
implementation-oriented competencies, technical and 
methodological competencies, socio-communicative 
competencies. For explanation on the competency classes see 
[10,11]. In this paper only technical and methodological 
competencies are evaluated. 
The following statements on the competency concept are 
crucial in the context of this paper (assembled by Hertle et al. 
[12]): Because of the fact that competencies itself cannot be 
observed, it is important to disassemble them to single actions 
or “performances” [13] in specific situations. It is not possible 
to align them directly to an action because other aspects like 
knowledge need to be taken into consideration as well [9]. 
Knowledge itself is a prerequisite to act independently in 
unknown problem situations [9,14,15]. As competencies, 
knowledge can as well be distinguished between professional 
(general expertise and process knowledge) and conceptual 
knowledge which are both required for the development of a 
competency [14]. 
Learning factories offer a great potential for developing 
production system-relevant competencies by letting employees 
experience and test the lean transformation process [11]. In 
learning factories, competencies are developed through 
practical training in a realistic production environment to solve 
complex problem situations by self-organized and creative 
actions on the basis of professional and conceptual knowledge 
[10]. Thus, the training participants are prepared for a wide 
variety of challenges in their daily work. 
In order to meet the learning objectives, learning factories 
and respective learning modules should be designed in a 
competency-oriented way. A systematic approach including 
two didactic transformations in which the reciprocal 
relationships between key objectives (intended competencies), 
knowledge, learning factory processes and products, and the 
(formal, non-formal, and informal) learning processes are 
analysed, described, and designed systematically [16,17].  
 
Table 1. Competency transformation table (example) 
 
The interface between the two didactic transformations 
forms a “competency transformation table” [16] (see table 1), 
which is a result of the first didactic transformation. With the 
help of the table the organizational requirements of the learning 
factory operator, the targeted work systems and the learning 
factory target group are conciliated with the relevant learning 
factory contents. By that intended competencies are generated 
which are the learning objectives [16,18]. Detailed 
concretization of these competencies takes place through the 
allocation of sub-competencies and actions. The actions align 
with corresponding knowledge including professional 
(consisting of general expertise and process knowledge) and 
conceptual knowledge elements [14]. 
Thus, in the transformation a link between actions (or 
performances), knowledge, competencies, and subordinated 
sub-competencies are drawn. Based on the competency 
transformation, in the second didactic transformation, the 
conceptual implementation of the learning factory system takes 
place [16–19]. In this paper the included information in the 
competency transformation are not used to design but to 
evaluate the competencies of students by evaluating the 
students’ knowledge and their ability to act in unknown 
problem situations; on that topic see also [8]. 
2.2. Lean production 
The methods and principles of lean production attracted 
worldwide attention first through the Toyota production 
system, called TPS. Since then, they are used and adapted 
increasingly for the design of efficient production processes 
[4,20]. The central aspect of lean production is to avoid waste, 
respectively all that is not used directly for the value added of 
products. With regard to the topic of this work the lean methods 
line balancing, Kanban and systematic problem solving are 
described briefly. 
Starting from the demand prognosis for a certain period, the 
task of line balancing is to adjust the actual production cycle of 
the calculated customer takt time by adapting the assembly 
steps and cycle times. For production lines, this means that the 
work content needs to be distributed on the basis of the takt 
time to a corresponding number of employees. In addition to 
reducing waste, this results in a more flexible staff deployment 
[20]. 
Kanban is a closed loop system, which underlies the linking 
of a backward-moving information flow chain with a forward-
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moving material flow chain [20]. The logistics manager takes 
the required parts from the producers (source) for the respective 
manufacturing process and supplies them to the worker (sink). 
The removal of the parts is indicated by a kanban and initiates 
the production of the used parts at the preceding stage of 
production. 
The systematic problem solving is based on the recognition 
that problems must be solved promptly and sustainable 
following a systematic procedure by finding the point of cause 
of a situation which differentiates from the should performance 
with unknown cause [20]; following Kepner and Tregoe this is 
considered a “problem” and needs to be worked at [21]. To find 
the point of cause, the problem is defined in several dimensions 
and tools like “Five-why” analysis and Ishikawa diagrams are 
used to achieve that [22]. By following the Plan-Do-Check-Act 
cycle (PDCA or Deming cycle) [23,24] measures for 
implementing a solution and prohibiting the reoccurrence of 
the root cause are conducted [20]. For a thoroughly description 
of the systematic problem solving process see [22,25]. 
3. Research design 
Once a year the course “Lean Production” is offered at TU 
Darmstadt – at the end of the course a written examination is 
conducted (see figure 1). In order to test if there is a correlation 
between the ability to answer exam questions and the ability to 
solve real life problems, one week after the exam action tasks 
are performed in groups of 5 students. The term “action task” 
relates to authentic problem situations, simulated in the Process 
Learning Factory CiP; for a more detailed description of those 
action tasks see [8]. Here, they have to solve a given task in one 
of three subjects mentioned before and have to transfer the 
acquired theory into a practical problem solving process. For 
each topic the groups are composed in a way that one group 
contains students with good grades according to the written 
examination (which is referred in the following as the 
“excellent” group); the other group contains rather bad graded 
students (“weak” group). 
Finally, technical discussions are held in which the problem 
solving process and the performed actions of the groups are 
queried and reflected. The practical work of the participants 
and the discussions are documented by video recordings. 
Thereby, it is tested whether the results of the written 
examinations permit to draw conclusions about the level of 
achievement of the self-organizing capacity to act in real life 
situations. The assumption A1 of this paper is that students who 
show better results in a written examination, also show better 
performance in a close-to-life problem solving action task. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Flow chart of the study design 
The sequence of evaluation elements is depicted in Figure 1. 
To answer these key questions a system, based on a 
prototypical video analysis guideline [7], for competency-
oriented evaluation is developed. The analysis concept is 
illustrated by the flow chart in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Flow chart of the video analysis guideline 
In the first step "Preparation of analysis", starting from the 
competency transformation table of the training module in 
focus, the associated actions are transferred to an action list. 
This list will be revised by a first inspection of the videos. Not 
observable actions are removed and observable, but not yet 
included actions, are added. To determine the competency level 
the actions are operationalized for evaluation. The developed 
evaluation system rates all actions, based on: 
x A group’s way of performance 
x The achieved results 
x Each group’s autonomy and independence from the 
instructors 
x Rating of the behavior anchors of the actions 
The first three are evaluated by the indicators I-4 (very 
good) to I-0 (very bad). Another observation criteria lies in the 
problem solving process itself. This is evaluated by the 
behaviour anchors B-4 to B-0. The behaviour anchors are 
created specifically for each action, whereby the optimum (B-
4) is derived from the execution of the action which is anchored 
in the competency transformation and steps down to B-0. The 
anchor B-0 marks an action which is not performed by a group. 
The monitoring criteria are evaluated according to their 
Course Lean Production
150 students, several lectures on lean 
production (among others kanban, line 
balancing, systematic problem solving)
Written Exam
150 students, containing 6 exercises 
(among others kanban, line balancing, 
systematic problem solving)
Action task “Kanban”
5 groups with 5 students, duration: 1 hour
Action task “line balancing”
2 groups with 5 students, duration: 1 hour
Action task “problem solving”
2 groups with 5 students, duration: 1 hour
Technical discussion “Kanban”
Duration: 20 minutes
Technical discussion “line balancing”
Duration: 20 minutes
Technical discussion “problem solving”
Duration: 20 minutes
Courses spread over the entire semester 3 weeks after the last course
The week after the exam Just after the action task
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indicators/ anchors with 0% to 100% and weighted each with 
max 0.25 points. An action which is executed very well 
achieves in total a weight of 1 (100%). The weighted average 
of a group’s performances are used to compare the groups with 
each other and with their exam results. 
Conclusively, the action list is taken to the rating system in 
the video evaluation guide which is transferred to the video 
evaluation program ELAN [26]. With that video annotation 
tool, which was originally programmed for the analysis of 
language and sign language, it is possible to get an overview of 
all groups by playing all videos in parallel. Additionally, the 
actions register can be imported making it possible to mark 
actions on a participant´s timeline. 
In the step "preparation of analysis material" all videos are 
viewed by using the evaluation program ELAN. All actions in 
the action list are chronologically recorded and assessed on the 
basis of the assigned indicators monitoring criteria. 
Conspicuous observations are noted. 
Conclusively at the "start of analysis", the data obtained 
from the ELAN program is exported to MATLAB. In 
MATLAB the systematic recording of the actions and the main 
and sub-competencies of the training groups within the 
learning module takes place. The collected data is presented in 
evaluation graphs and tables. With the help of a whisker 
diagram the distribution of the student groups’ performances in 
a learning module are illustrated. The whisker diagram shows 
outliers marked by crosses and the interquartile range (median 
and 25% distance to median) with the help of a box. 
Furthermore, the minimum and maximum of the action 
performance is displayed by the left or right end of the whisker 
(50% distance to median). Thereby, it allows a quick overview 
of a group’s performance level. With the results of the exam 
and the technical discussion the knowledge base (technical 
knowledge and conceptual knowledge) is detected and can be 
compared to the performance level. 
Therefore, it is finally possible to determine, whether and in 
which range competencies are developed in the last step. It is 
possible to determine if good theoretical knowledge leads to a 
similar strong performances. 
4. Application and evaluation results 
The application of the guideline took place at TU Darmstadt 
with the help of students in the field of mechanical engineering. 
First, the theoretical subject was conveyed in a formal learning 
process within the lecture “Lean Production” held at PTW. A 
week after the last lecture, the theoretical knowledge was 
queried by written examinations, which lasted an hour. 
Each learning module had a practical implementation period 
in the learning factory CiP. The practical activity of the 
participants was accompanied by the line employees in the CiP 
and a training instructor. If necessary, the participants could 
turn to these. Finally, the technical discussions took place in a 
time frame of about 15-20 minutes, in which the procedure and 
the action result of the student groups were discussed and 
reflected by them. The aspects of knowledge (professional 
knowledge and conceptual knowledge) were questioned in 
order to ascertain whether the knowledge is internalized and 
available in new problem situations. 
The line balancing training module took place with two 
groups with three students each and lasted about an hour and 
fifteen minutes. The participants got the task to rebalance an 
existing assembly line for pneumatic cylinders. The training 
module of kanban covered a period of about one hour and fifty 
minutes. Five groups of two to three students had the task to 
implement a kanban-cycle in an existing production line; 
starting from the value stream overview of the production and 
logistics lines, it was to determine the necessary number of 
kanbans for two product types. The training module of 
systematic problem solving lasted fifty minutes and had the 
initial situation that a production line for pneumatic cylinder 
had produced a defective part. Accordingly, two groups of two 
and three students were given the task to analyze the defect that 
occurred and create a problem definition and description to 
solve the root cause of the defect. 
4.1. Line balancing 
The results of the training module line balancing are shown in 
figure 3. It can be seen that the median of all weighted actions 
is located in the upper area with about 75% in group 1 and 86% 
in group 2. The comparison between the groups shows that the 
left quartile of group 2 covers almost the right-quartile of 
group 1 and only the actions of the group 1, which are in the 
upper area of the right whiskers (<25%) outperform the action 
quality of group 2. Derived from that findings it can be stated, 
that the actions of group 2 are much better implemented than 
those of group 1. In the average of the action qualities the 
degree of performance are 64.58% (group 1) and 77.50% 
(group 2) respectively. 
 
 
 
 
 
 
 
 
Fig. 3. Performance evaluation line balancing 
The evaluation of the exam results show that group 1 scores 
an average of 55.56% and group 2 87.50% of the achievable 
points. The students in group 2 show not only much better 
exam result than the participants of group 1, but in addition the 
performance is better and consequently the degree of 
achievement of the main competency more profound. Their 
deviation with 12.92% is also much lower. However, it can be 
noted that even though students of group 1 obtained a relatively 
poor exam result, they achieve a good performance level in the 
average. The technical discussion which is also carried out 
better by group 2, supports the result of an overall better 
performance of group 2. 
4.2. Kanban design 
In the training module Kanban design all groups achieve a good 
to very good level of the main competency (see figure 4). While 
the median of the quality of action of groups 2 to 5 is very 
234   J. Hambach et al. /  Procedia CIRP  55 ( 2016 )  230 – 235 
55,56
87,50 87,50
78,75
93,75 92,50 97,50
46,43
80,36
64,58
77,50
63,02
75,69 78,30
82,46
71,18
86,60 86,46
0,00
25,00
50,00
75,00
100,00
Group 1
(weak)
Group 2
(excell.)
Group 1
(weak)
Group 2
(weak)
Group 3
(excell.)
Group 4
(excell.)
Group 5
(excell.)
Group 1
(weak)
Group 2
(excell.)
Line balancing Kanban Systematic
problem solving
Exam results (in % of max. points)
Performance development (in % of max. performance level)
similar located with about 75% to 90%, the median of group 1 
is about 64%. Group 2 has a very good performance, which is 
clearly highlighted by the fact that the left and right quartile are 
very narrow. In Group 4 ranks slightly lower due the fact that 
their right and left quartile with about 78% and 100% are more 
spread, but their median still ranks very good. Group 3 also 
shows a relatively good performance. In Group 1 and 5 the 
quality of implementation is relatively low but still about 50%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Performance evaluation kanban 
While comparing the performance with the exam results, is 
to note that group 5 is not representative when it comes to the 
exam results because the exam results of two participants of 
this group are unknown. The excellent exam results of group 2 
with 92.50% and the group 3 with 93.75% corresponds to the 
very good results of the competency development of group 2 
with 82.46% and group 3 with 78.30%. It is striking that in 
group 1 with a very good exam result of 87.50% the 
performance level was with 63.02% relatively low, while in 
group 4 with the worst exam result of 78.75% the performance 
level with 75.69% was relatively strong. The technical 
discussion confirmed that group 2 can transfer and reflect the 
acquired knowledge from the formal learning process very 
well. The other groups participated in the technical discussions 
also on a good level. Group 1 which has the lowest 
performance level still demonstrates good theoretical 
knowledge. 
4.3. Systematic problem solving 
In the module systematic problem solving, the groups 1 and 
2 differ only slightly. Figure 5 shows that the minimum action 
quality lies in both groups on 73%; the median differs only 
slightly with about 91% for group 1 and 86% for group 2. The 
average performance of group 1 with 86.60% and group 2 with 
86.46% is developed on a very high level. 
 
 
 
 
 
 
 
 
Fig. 5. Performance evaluation systematic problem solving 
In comparison with the exam result, it is striking that 
group 1 has a relatively poor exam result with 46.43% of the 
available points but still a very high performance level that is 
almost similar to the level of group 2 with an average exam 
result of 80.36%. The technical discussion is hold by two 
groups on the same level and does not align with the bad exam 
results of group 1. 
5. Conclusion 
The evaluation, following the described guideline, leads to the 
conclusion that the students performed well, partially very 
well, in transferring imparted knowledge from the lecture to the 
practical problem solving process. Figure 6 shows the average 
performance of each group by calculating the arithmetic mean 
and compares them to their corresponding percentagewise 
exam results. 
The systematic problem solving lecture module fulfilled the 
intended learning objective of competency development very 
well with an average performance development level of 
86.53%. The modules for kanban and line balancing are on a 
nearly equal good level with an average performance 
development of 74.13% and 71.04%. A distinct correlation 
with respect to the preliminary question whether a good 
knowledge level also leads to a correspondingly strong 
development of a competency, can't be confirmed in any of the 
modules. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Exam results and overall performance development 
However, two trends can be observed, which are illustrated 
in figure 6. Firstly, the groups with good to very good exam 
results achieve also a relatively good competency development 
level; however their competency levels are lower than the 
knowledge detected by the exam. 
Secondly, the groups with a bad exam result still achieve a 
good competency level. This suggests that the social interaction 
during the teamwork has an activating and motivating effect on 
the learning process of each participant. On the one hand the 
problem solving process takes place individually by the 
conversion of the theoretical knowledge; on the other hand 
discussions with the other participants in a group are also the 
reason for good solutions during the for the given tasks. 
Another possible explanation could be the time factor: Due to 
the fact that the exam had a time constraint it may be possible 
that some students did not have enough time to document all 
their knowledge in the exams. During the action tasks the 
students were given relatively much freedom. Also, the 
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demands on the knowledge level may be higher in the exam 
than in the following action tasks. 
Table 2. Results of the correlation test for assumption A1 
 
In order to evaluate assumption A1, which is that 
consolidated knowledge tends to result in a higher performance 
in a close-to-life action task, the nonparametric Mann-Whitney 
U Test has been used. This test offers the possibility of making 
a decision about rejecting or accepting hypotheses, when the 
input data does not show a normal distributions. At this point 
the hypothesis H1 is accepted when the test value Z, which 
transforms the test statistic to an approximately normal 
distribution, is element of the range [-1.65; +∞[ with a 
significance of α = 0.05. In this case (see table 2) the hypothesis 
H0 is rejected with Z = -1. Therefore, the hypothesis H1 is 
confirmed, that students with excellent written examinations 
have a higher performance in a close-to-life action task than 
students with weak written examinations. 
6. Outlook 
The evaluation concept is designed for the evaluation of 
technical and methodological competencies. It is used to 
determine the degree of achievement of competency 
development and as well allows an examination of a possible 
correlation between the level of knowledge and performance. 
The results of the study described above hint to a positive 
effect of teamwork in problem solving situation. To check the 
suspected result-enhancing learning effect in future studies, it 
would be useful to expand the evaluation guideline on personal 
and socio-communicative competencies besides the already 
included technical, methodological, activity- and 
implementation-oriented competencies. 
The video-based analysis shows that the active participation 
of students within the groups is very inhomogeneous. The 
current observation criteria of the video evaluation guideline 
may suggest that the performances of a group are marked as 
very good, although only one or a few participants have 
executed the actions and thus completed the transfer of 
knowledge. To cover that issue the socio-communicative 
competencies should be noted individually for each training 
participant; also every action of the action list should be 
evaluated towards whether an individual participant was 
actively involved in the implementation. 
In addition, the exam questions should be designed 
analogous to the specific competencies. By that it would be 
possible to examine whether participants with bad exam results 
are yet able to actively participate in a problem solving process, 
which would confirm the suspected result-enhancing aspect of 
teamwork. The technical discussion for the evaluation of 
professional and conceptual knowledge should be stronger 
involved in the examination of the competency development. 
All in the all the video analysis guideline bears still room for 
improvement but acts as good basis for further competency 
evaluations and assessments in the field of lean production 
where group processes are in focus. 
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Assump-
tion 
Hypothesis Test value 
Z 
Decision Test 
A1 H0: Z ב ሾെͳǤ͸ͷǢ൅λሾ   
H1: Z א ሾെͳǤ͸ͷǢ൅λሾ    
Z = -1.16 H0 is 
rejected 
Mann-
Whitney U 
